Supplementary Information
Structural and functional protein network analyses predict novel signaling functions for rhodopsin. 
This Supplementary Information document contains

Structure-based homology predictions and structural superimpositions
In this work we use structural information in combination with computational tools, (i) to validate interactions that have been found experimentally in complex, and (ii) to determine which interactions are compatible with each other and which ones exclude each other. We considered different levels of structural evidence/support for any given interaction:
1) Searching the protein data base for X-ray structures and close homologs:
First, for each pair of members of the "core ROS proteome" we searched the PDB database (http://www.pdb.org) for protein complexes of known structure whose elements share at least 70% homology with the query proteins. By this approach we identified in the ROS core network 84 complexes whose structure could be confidently modeled on homologous structures (Supplementary Figure 2A ; Supplementary Table 4) .
2) Domain predictions, sequence based interaction homology predictions, and scoring: Assuming that similar sequences have a similar fold and that domains with a similar fold interact through the same surface (Aloy and Russell, 2002) , much progress has been made in predicting proteinprotein interactions on the basis of structural information (Aloy and Russell, 2002) and homology modeling (reviewed in Kiel et al, 2008) . Atomic detail homology predictions are accurate, but they are time-consuming since they require (i) several high resolution structures to be used at templates, (ii) correct structure-based sequence alignments, and (iii) a detailed manual structural inspection of domains and sequences, especially if loops of different length contribute to interface formation. Here, we make use of a faster, but less accurate method, which is based on nonatomic and purely sequence based predictions. Table S5 ). Supplementary Table 4) .
(c) Scoring of 3DID hits using InterPReTS: A confidence "interaction score" for the identification of the interacting pairs was obtained by interrogating the InterPReTS server (http://www.russelllab.or/cgi-bin/tools/interprets.pl/; Aloy and Russell, 2003) . In order to establish a lower threshold for accepting an inferred domain interaction we determined a score using a yeast two-hybrid positive and negative binding data set from Vidal and co-workers work (Rual et al, 2005) . We found that above an InterPReTS score of 2.3 the confidence that two proteins containing the target domains will interact in a two-hybrid experiment is above 70% 3) Structural superimpositions and distinguishing compatible from exclusive binding surfaces:
For all proteins that interact with more than one partner protein, we aimed to distinguish between two cases (i) the three proteins can bind at the same time and are therefore compatible complexes, labeled "AND" and (ii) the three proteins cannot bind at the same time and are therefore mutually exclusive, labeled "exOR".
To do so, we performed automatic structural superimpositions of the domains mediating the respective interaction. The superimpositions were then manually expected in Swiss-pdbViewer:
If amino acid back bone and side chain interactions were not clashing, we assigned as "AND", and if they were clashing we assigned as "exOR". Functional connectivity of the defined modules and functional links mediated by the "Vision, signaling, and transporters module". Figure 3B of the main text:
References
1) Detailed description of the binary connection between modules indicated in
The high confidence binary network features interconnected functional modules involved in visual signal transduction and adaptation to light, structure and disk morphology, housekeeping, cell structure and polarity, vesicle structure and trafficking, and metabolism. The binary interactions, aside from linking interactions in-between modules, suggest several direct links from rhodopsin to other signaling pathways and connections between other modules. With the aim to focus on the binary connections between the modules (107 binary interactions compared to 242 intra-module interactions), and being aware of the fact that databases can contain annotation errors, we went back to the original publications, and we found that 30 of the 107 binary interactions were wrong annotations (SPR was used as a pulldown technique and not used to measure direct physical interactions, or wrong annotations). For the remaining 77 binary connections, we discriminated between those that come from large scale two hybrid screens, and those identified in low-throughout experiments, and we displayed these binary connections (only the 37 with higher confidence) between the modules in Figure 4A . A more detailed description of the possible functional role of these 36 binary connections is discussed in the following, and when possible discussing those connections that could connect modules in a light dependent manner:
(1) PDE6D (1A_Phototransduction_channels) -RHOA (4A_Regulation_of_Cytoskeleton):
PDE6D could perform the role of a GDI for RhoA and other small GTPases in ROS: PDEdelta has been shown to act as a prenyl-binding protein (Zhang et al, 2004) , and it been found in direct binary interaction with several small GTPases (Hanzal-Bayer et al, 2002) , as well as with rhodopsin kinase (Zhang et al, 2004) . However, despite the structural similarity of the PDEdelta domain and RhoGDI domain (Scheffzek et al, 2000; Hanzal-Bayer et al, 2002) , superimposing the Rac1-RhoDI with the Arl2-PDEdelta structure shows that not the same binding surface is used, of the respective GTPase (Supplementary Figure 8) . Homology modeling results suggest a loss of binding energy of 5 kcal/mol between Rac1 and Arl2 in complex with PDEdelta; using RhoGDI-Rac complex as a template to model
RhoGDI is impossible since the sequence are not similar enough (below 30 % sequence identity).
(2) PDE6D (1A_Phototransduction_channels) -RHOB (4A_Regulation_of_Cytoskeleton):
GDI function PDE6D could perform the role of a GDI for RhoB and other small GTPases in ROS (see interaction 1).
(3) CALML3 (1A_Phototransduction_channels) -SPTAN1 (4A_Regulation_of_Cytoskeleton):
Based on an X-ray structure, this suggests a (light-dependent) link between phototransduction and subsequent Ca2+ level changes (CALML3) with the intermediate filament protein spectrin (SPTAN1). Spectrin is specifically critical for organizing membrane sub-domains and their maintenance, as well as supporting integral membrane protein durability (here could be rhodopsin!) (Berghs et al, 2000) .
The interaction between Rhodopsin and RhoA is proposed using the AnsProXXTyr motif in Rhodopsin, amino acids 302 to 306, as described in Mitchell et al, 1998 . Therefore rhodopsin links to cytoskeleton changes via RhoA (Hall et al, 2001) . It is likely that other small GTPases can directly interact with rhodopsin (Hall et al, 2001) , such as demonstrated for Rac1 (Balasubramanian and Slepak, 2003) .
See interaction 4.
(6) SAG (1A_Phototransduction_channels) -TUBA4A (4A_Regulation_of_Cytoskeleton):
This interaction links phototransduction via S-Arrestin (SAG) to tubulin and the (tubulin): This interaction is important for arresting localization changes in the light, the dark and the adaptation process (Hanson et al, 2006; Xiao et al, 2007) . During bright light Arrestin gets transported along microtubules from the rod inner segment to the outer segment, so that the concentration in the ROS is 10 fold higher compared to the dark adapted state.
(7) ARRB2 (1A_Phototransduction_channels) (beta arrestin) -CLTC (5A_Endocytosis):
A binary interaction was found between beta arrestin (ARRB2) and CTLTC, as part of the clathrin complex, which gets recruited during endocytosis (Laporte et al, 1999) . Therefore beta arrestin could connect phototyransduction to endocytosis, possibly at the distal end of the photoreceptor where older disks containing rhodopsin get removed. Another possibility is the involvement in protein sorting in the late-Golgi/trans-Golgi network (TGN).
(8) ARRB2 (1A_Phototransduction_channels) (beta arrestin)-AP1B1 (5A_Endocytosis):
Similar as interaction 7, with AP1B1 as another subunit of the clathrin-associated adaptor protein complex 1.
(9) PDE6D (1A_Phototransduction_channels) (PDEdelta) -RAB13 (5A_Endocytosis):
For Rab13 PDE6D has been shown to perform the function of a GDI in ROS (The rod cGMP phosphodiesterase delta subunit dissociates the small GTPase Rab13 from membranes) (Marzesco et al, 1998) . However, in how far this function is regulated in light/dark dependence is not known.
(10) Rhodospin (1A_Phototransduction_channels) -ARF4 (5A_Endocytosis):
Rhodopsin, like other membrane proteins is synthesized in the ER and further processed in the Golgi, before rhodopsin gets transported on vesicles to the outer segment (reviewed in Deretic, 2006) . Recently, a direct link between rhodopsin and the small GTPase Arf4 was demonstrated, mediated by the VxPx motif present in rhodopsin (Mazelova et al, 2009 ). This complex regulates its association with the trans-Golgi network (TGN), which is the site of assembly and function of a ciliary targeting complex. This complex is comprised of two small GTPases, Arf4 and Rab11, the Rab11/Arf effector FIP3, and the Arf GTPase-activating protein ASAP1. ASAP1 mediates GTP hydrolysis on Arf4 and functions as an Arf4 effector that regulates budding of post-TGN carriers, along with FIP3 and Rab11. Since the VxPx motif is present in other ciliary membrane proteins, the Arf4-based targeting complex is most likely a part of conserved machinery involved in the selection and packaging of the cargo destined for delivery to the cilium.
(11) PDE6D (1A_Phototransduction_channels) -ARL3 (5A_Endocytosis):
This interaction was twice identified independently in two hybrid, and the complex structure solved of PDE6D with a close homolog, Arl2, in the GTP-bound form was solved (Hanzal-Bayer et al, 2002) . Thus, PDE delta is an effector of Arl3 and could provide a novel nucleotide exchange mechanism by which PDE delta stabilizes Arl3 in its active GTP-bound form.
(12) GUCA1A (1A_Phototransduction_channels) -VSNL1 (5A_Endocytosis):
This interaction involves the guanylate cyclase activating protein (GUCA1A) and Visinin1 (VSNL1), which has been identified as a ROS protein. In databases this interaction was found by
CoIP studes, but here using our structural analysis, we propose a direct interaction between the two efhands. Visinin1 binds Ca2+ and is known to interact with components of membrane trafficking complexes, with a possible role in membrane trafficking of different receptors and ion channels. Even though the proteins use a similar calcium-myristoyl switch mechanism to translocate to cellular membranes, they show calcium-dependent localization to various subcellular compartments when expressed in the same neuron.
(13) PRKACA (1A_Phototransduction_channels) -YWHAZ (3D_Scaffolds_Adaptorproteins):
Here, phosphorylation of 14-3-3 (YWHAZ) proteins by PKA (PRKACA) leads to modulation of 14-3-3zeta dimerization and affect its interaction with partner proteins. Therefore this phosphorylation links phototransduction and light dependent Ca changes and PKA activation to 14-3-3 and signaling. 
(15) BSG (2B_linkECM) -PPIA (3A_ProteinFolding):
Active site residues of cyclophilin A (PPIA) are crucial for its signaling activity via CD147
(BSG).
Structure of a beta-TrCP1-Skp1-beta-catenin (CTNNB1) complex: destruction motif binding and lysine specificity of the SCF (beta-TrCP1) ubiquitin ligase.
(17) FKBP2 (3A_ProteinFolding)-ARFGEF1 (5C_Golgi_Endosome):
This interaction was determined using low throughput two hybrid. Interaction of FK506-binding protein 13 with brefeldin A-inhibited guanine nucleotide-exchange protein 1 (BIG1): effects of FK506.
The AAA+ATPase p97/VCP, helped by adaptor proteins, exerts its essential role in cellular events such as endoplasmic reticulum-associated protein degradation or the reassembly of Golgi, ER and the nuclear envelope after mitosis.
(19) YWHAQ (3D_Scaffolds_Adaptorproteins)-EPB41L1 (4A_Regulation_of_Cytoskeleton):
2hybrid (The identification of putative protein 4.1-(EPB41L1) based complexes enables us to envision potential functions for 4.1 proteins in kidney: organization of signaling complexes, response to osmotic stress, protein trafficking, and control of cell proliferation.
(20) similar as interaction 19 with YWHAB. (21) similar as interaction 19 with YWHAZ. (22) ACTN2 (4A_Regulation_of_Cytoskeleton)-CALM1 (1A_Phototransduction_channels): efhand efhand domain interaction (INTERPRETS). Light induced changes in Ca concentration
and structural changes in Calmodulin (CALML3 and or CALM1) can mediate a link to the actin cytokeletal regulator Actinin (ACTN2 and ACTN4).
(23) ACTN4 (4A_Regulation_of_Cytoskeleton)-CTNNB1 (2B_linkECM) (catenin beta):
E-cadherin regulates the association between beta-catenin and actinin-4.
(24) similar as interaction 23 for CTNNA1. (25) RDX (4A_Regulation_of_Cytoskeleton)-CPNE1 (Golgi_ER_Trafficking):
Identification of targets for calcium signaling through the copine family of proteins.
Characterization of a coiled-coil copine-binding motif.
(26) TUBB4 (tubulin) (4B_Cytoskeleton_proteins)-HSPA1B (3B_Chaperones_Heatshock):
X-ray Structure.
(27) ACTB (4B_Cytoskeleton_proteins) (actin)-CPNE1 (5E_Golgi_ER_Trafficking):
(28) MAPK1 (4E_Axon_guidance)-MKNK2 (3H_Signal_Transduction):
Mitogen-activated protein kinases activate the serine/threonine kinases Mnk1 and Mnk2.
(29) CANX (5A_Endocytosis)-6D_ PDIA3 (3E_OxidativeStress_CellRedoxHomoestasis):
Crystal structure of the bb' domains of the protein disulfide isomerase ERp57.
(30) RALA (5E_Golgi_ER_Trafficking)-CALM1 (1A_Phototransduction_channels):
This interaction connects Calmodulin and RalA and RalB, which are both involved in trafficking: RalA plays a role in exocytosis in regulating exocyst assembly, and RalB has been shown to interact with EXOC8 (part of the exocyst complex) and RALBP1 is an effector of both RalA and RalB.
(31) similar as interaction 30 for RalB.
(32) ATP1A1 (6C_ATP_synthesis) -CFL1 (4A_Regulation_of_Cytoskeleton):
Interaction of the alpha subunit of Na,K-ATPase with cofilin.
(33) UQCRC2 (6C_ATP_synthesis)-RTN4 (5E_Golgi_ER_Trafficking):
Identification and characterization of a novel Nogo-interacting mitochondrial protein (NIMP).
(34) similar as interaction 33 for UQCRC1.
(35) CALML3 (1A_Phototransduction_channels)-MYO6 (4C_Motor_proteins):
X-ray structure, again link of Ca/Calmodulin with cytoskeleton/ motor proteins.
(36) similar as interaction 35 for CALM1.
2) Detailed description of the functional links mediated by the "Vision, signaling, and transporters module" as indicated in Figure 4 of the main text:
A) Rhodopsin and the link to Rac1 and RhoA and cytoskeleton: Extensions for rhodopsin include the small GTPases RhoA, Rac1, Arf4 and rhodopsin kinase (Hall et al, 2001) . Rac1 is found localized throughout ROS (own data, not shown), whereas Arf4 is thought to be primarily localized at the base of ROS. The active GTP-bound form of RhoA was found to interact with active rhodopsin (Wieland et al, 1990a; Wieland et al, 1990b) via the AnsProXXTyr motif in its C-terminal amino acids 302 to 306 (Mitchell et al, 1998) . Other small GTPases are likely to directly interact with rhodopsin as well (Hall et al, 2001) , such as demonstrated for Rac1 (Balasubramanian and Slepak, 2003) . This points to a second, yet not experimentally tackled pathway influenced by light, which appears as a delineation of an archetypical G-protein regulated pathway known to be active in growth cone dynamics and collapse (Liu and Strittmatter, 2001) . RhoA binds collapsin response mediator protein, CRMP-2 (our data), a scaffold involved in actin cytoskeleton dynamics in neurons that regulate growth cone dynamics.
CRMP-2 has been described as a crucial molecule in axon guidance through the GPCR lysophospatidic acid reseptor, where it dynamically regulates the antagonistic effects of RhoA and Rac1. CRMP-2, regulated by Rho-associated kinase (ROCK), promotes either outgrowth or collapse in response to active RhoA or Rac1, respectively (Hall et al, 2001) . With high RhoA-GTP levels, more CRMP-2 is phosphorylated by the Rho effector kinase ROCK, and less nonphosphorylated CRMP-2 will be in complex with Rac1, thereby leading to cytoskeleton collapse (reviewed in Liu and Strittmatter, 2001 ). CRMP-2 can also bind directly to tubulin heterodimers to promote microtubule assembly (Fukata et al, 2002) . This leads to the exciting possibility that the GPCR rhodopsin autoregulates its own axonal/dendritic guidance and growth via archetypical mechanisms of axon guidance. Given this scenario, the outer segment would function as an ever extending growth cone, autoregulated by light as well as other guidance cues that are still unknown. cause strong retinal defects in mice and mutations of RP2 are causing retinitis pigmentosa (Ishiba et al, 2007 , Schwahn et al, 1998 , Schrick et al, 2006 . In addition Arl3 -/ -deletion mice exhibit a mislocalization of rhodopsin. Veltel et al found that HRG4, RP2 and Arl3 are forming a specific ternary complex which suggests that they could be involved in positioning and movement of components along ciliary transport routes (Veltel et al, 2008) .
B) The link from rhodopsin to the small GTPase
D) PDEdelta and prenylated proteins:
PDEdelta has been shown to act as a prenyl-binding protein (Zhang et al, 2004) , and it has been found in direct binary interaction with several small
GTPases (Hanzal-Bayer et al, 2002) , as well as with rhodopsin kinase (Zhang et al, 2004) . In addition, we propose that PDEdelta could interact with other prenyl lipid modified target proteins identified in the ROS proteome. It has been suggested before that the delta subunit of PDE could perform the role of a GDI for small GTPases (Hanzal-Bayer et al, 2002) , by keeping them GDPbound and inactive. GDI concentrations can regulate the activation state of these GTPases: In octopus rabdomers Rho was observed as mainly GDP-bound in the cytosol, due to higher presence of RhoGDI in the cytosol (Gray et al, 2008) . We propose that PDEdelta could perform the role of a GDI in ROS small GTPases, and could sequentially modulate localization of other target prenyl-modification containing proteins, such as rhodopsin kinase. We did not find the conventional RhoGDI in ROS, and as such PDEdelta could indeed substitute for this function in ROS (similarly as demonstrated for the small GTPase Rab13 in ROS, Marzesco et al, 1998) .
However, despite the structural similarity of the PDEdelta domain and RhoGDI domain (Scheffzek et al, 2000; Hanzal-Bayer et al, 2002) , when superimposing the Rac1-RhoDI with the Arl2-PDEdelta structure, we learned that these two interactions depend on different moieties for binding (Supplementary Figure 8) . Therefore, the role of PDEdelta as a GDI for Rac1 or RhoA needs to be further addressed by experiments.
Overall PDEdelta could thus play a very crucial regulatory role for (a) transport of prenylated target proteins (Zhang et al, 2004) along the cilia together with Arl3 (Veltel and Wittinghofer, 2009) , and (b) serving as and effector or GDI for many GTPases, such as Arf, Rac1, RhoA, Rab proteins. We do not find any GEFs and GAPs for small GTPases in our network, but only GDIs (ARHGDI for RhoA, PDEdelta for Rac1, and GDI1 and GDI2 for Rab proteins). Interestingly, this could suggest that regulation is not the usual switch like mechanism of GTPase regulation, but rather a gradient activation, where the activity of active RhoA is only determined by the concentration of RhoGDI, which keeps RhoA in the inactive form. homeostasis is a consequence of perturbed visual pathway activity in retinitis pigmentosa (Paquet-Durand et al, 2010) this is likely to affect a variety of critical pathways and thus generate a systemicperturbance of ROS physiology.
Our network reveals several direct binary connections between Ca 2+ -regulated proteins and cytoskeleton proteins; these are CaMK2A with actinin, calmodulin with GAP43 (neuromodulin), S1008 (tubulin polymerization initiation), and PKC with 14-3-3 family members. Calmodulin is known to have a wide range of effector binding specificity, which dynamically changes with Ca binding. Calmodulin 1 and 3, link to around 10 proteins from two modules (cytoskeleton and vesicle transport). Calmodulin (CALML3 or CALM1) can bind to the cytoskeleton regulator spectrin alpha, to actinin (ACTN2 and ACTN4) as well as to the myosin motor protein MYO6.
Therefore, calmodulin proteins could make the important link between Ca 2+ -signaling and regulation of the actin cytoskeleton, with spectrin being critical for organizing membrane subdomains and their maintenance, as well as supporting integral membrane protein durability which could be rhodopsin here (Berghs et al, 2000) . Further, a Ca 2+ -dependent kinase, CaMK2A, was found in direct contact with actinin 1,2, and 4, which in fact was found in a ternary complex with densin, a synaptic adhesion molecule (Walikonis et al, 2001) , which is not present in our network (or we did not consider). The last link is between calmodulin and RalA and RalB, which are both involved in trafficking: RalA plays a role in exocytosis in regulating exocyst assembly, RalB has been shown to interact with EXOC8 (part of the exocyst complex) and RALBP1 is an effector of both RalA and RalB. Ca 2+ activity is also likely to regulate metabolic activities through IHD3A, recoverin and neurocalcin: Hippocalcin-like protein 1 is a recoverin-like protein which was suggested to have an anti-apoptotic function and might protect photoreceptors from Ca 2+ -induced cell death (Krishnan et al, 2009 ).
F) Transducin and RGS9-1/G5: Activated transducin alpha directly binds to RGS9-1, which acts as GTPase activating protein (GAP) (He et al, 1998) . Although RGS9-1 is sufficient for GAP activity, binding to PDE6gamma significantly enhances the rate of GTP hydrolysis (McEntaffer et al, 1999 , He et al 2000 due to the higher affinity of RGS9-1 for the transducin alpha-PDEgamma complex (Skiba et al, 2000) . RGS9-1 contains a GGL-domain (G-subunitlike) that associates with the most divergent G-protein beta subunit G5 (Snow et al, 1998; Kovoor et al, 2000; Lishko et al, 2002) . This association greatly enhances the catalytic activity of RGS9-1 (Makino et al, 1999) and mediates its attachment to the disc membrane (Lishko et al, 2002; Hu et al, 2003) . The function of G5 in this complex remains unclear, but as RGS9-1/G5
exists exclusively as a dimer and cannot be purified separately from RGS9-1 (Makino et al, 1999 , Witherow et al, 2000 , it is suggested that G5 controls the proteolytic stability and activity of the RGS protein (Porter et al, 2010) . In addition retinas of RGS9 PKA is activated by rising concentrations of Ca 2+ and cAMP, which in turn phosphorylates RGS9-1. Thereby GAP activity is reduced, active transducin lifetime is prolonged and photoresponse is strengthened.
G) The link from S-arrestin to microtubules (tubulin):
In retinal rods, S-arrestin specifically binds to activated and phosphorylated rhodopsin inhibiting activation of transducin and terminating phototransduction (Kühn, 1978; Kühn et al, 1984; Wilden et al, 1986) . Nair et al
show interaction of S-arrestin to microtubules (Nair et al, 2004) . In photoreceptors, microtubules are concentrated in the axoneme, cilia, and inner segment (Eckmiller, 2000) . Broekhuyse et al found a massive light-dependent translocation of S-arrestin from outer to inner segment (Broekhuyse et al, 1985) with increased localization of arrestin to the microtubule-rich inner segment in the dark (Horst et al, 1987) . A recent study shows that translocation of arrestin is initiated by G-Protein-coupled phospholipase C (PLC) and protein kinase C (PKC) signaling and at least the initiation of the translocation requires energy (ATP)-input (Orisme et al, 2010) .
Interaction between S-arrestin and microtubules may point to motor-driven arrestin transport across cilia and axoneme. Since disruption of the cytoskeleton network in rod photoreceptors impairs translocation of arrestin, the translocation can be hypothesized as at least partially motor- Table S6 ). IDH3A is a member of the tricarboxylic acid cycle, which is regulated by Ca 2+ and usually taking place in the inner segment (Wan et al, 1989; Hansson, 1971) . A ternary complex of recoverin-IDH3A-Ca 2+ could translocate back to the outer segment in dark and carry out some catalytic function or regulate metabolic activity, but the functional benefit of this interaction remains unclear. Loss-of-function mutations in IDH3B, encoding the beta-subunit of NAD-specific isocitrate dehydrogenase plays a role in retinitis pigmentosa (Hartong et al, 2008) . is available, we mapped the mutants into the structure and indicate whether they are located in the core (likely to affect folding) or on the surface (likely to affect binding to partner proteins).
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(1) Rhodopsin: out of approx 100 mutants 63 are destabilizing mutants (Rakoczy et al, 2010 in press), one involves a P-sites or Arrestin binding, one is located in the interface with transducin alpha, four are in the interface with rhodopsin linase (three of which are also predicted to be destabilizing), ten are involved in cilia/ ARF binding motif.
(2) Transducin alpha: One disease mutant (UniProt and OMIM). An X-Ray structure is available (Scheerer et al, 2009 ) and the mutant is the core, but close to the surface (G38D). Clashes with Asp and subsequent structural changes are predicted).
(3) PDE6B: (rod specific expression). 11 mutations listed in Uniprot and OMIM. A structure is available (pdb entry: 3JWR, Barren et al, 2009) . 6 mutants are in catalytic subunit (6 map in xray/chimera): 5 are in the core, one at the surface (Supplementary Figure 10A) . (5) CNGB1 (guanylate cyclase activating protein): Tissue specificity: Retina; cone outer and inner segments, in particular, in disk membrane regions, and to a lesser extent rod inner and outer segments. 9 mutants in UniProt and OMIM. A structure is available (pdb entry: 2R2I, Stephen et al, 2007) . 6 mutants are in the core and 3 mutants on the surface (Supplementary Figure 10B) . The 3 surface mutants have less severe effects on photoreceptor degeneration, only slightly affect guanyclase cyclase activity, and in one case not clear whether the mutant is really disease causing. One mutant (S320F) in UniProt and OMIM. No structure is available.
(7) CNGB1 (Cyclic nucleotide-gated cation channel beta-1): Isoform GARP2 (residues 300-1251 missing) is a high affinity rod photoreceptor phosphodiesterase (PDE6)-binding protein that modulates its catalytic properties: it is a regulator of spontaneous activation of rod PDE6, thereby serving to lower rod photoreceptor 'dark noise' and allowing these sensory cells to operate at the single photon detection limit. One mutant (G993V) is associated with disease, but no structure available. 1FQJ, Slep et al, 2001 ). The mutant is located in the core (Supplementary Figure 10C) . is associated with fundus discoloration and abnormally slow dark adaptation. 9 disease mutants are listed in Uniprot and OMIM. An X-ray structure is available (pdb entry: 3C4W, Singh and Tesmer, 2008) . Two mutants map on the surface, and seven in the core (Supplementary Figure   10D ). 2006) . In addition to frameshift and deletion mutations, 9 missense mutations were described (Kuehnel et al, 2006) . In this paper, based on structure and biochemistry, the authors conclude that most of the mutants are likely to destabilize the protein, rather than to influence the biochemistry, e.g. binding to Arl3. Here, we map 8 mutants in the core and 3 on the surface, which in fact were shown to have reduced binding affinity towards Arl3-GTP (Supplementary Figure 10F , Kuehnel et al, 2006) . In order to evaluate whether this score can be used to discriminate between binding and non-binding domains, a statistical method was used: Interaction data from yeast two-hybrid experiments (Rual et al, 2005) , with a positive set (blue line) of 100 and a negative set (orange line) of 100 number of interactions. The distributions of scores in the two datasets are displayed. As shown in the graph, above a score of 2.3, which was provided by the authors as threshold for a significant score, the distributions separate and thus the structural model can support a protein-protein interaction, and predict which domains are used to mediate this interaction.
Supplementary Figure 3 Supplementary Figure 5 Identification of native ROS membrane protein complexes by sucrose density gradient centrifugation and BN PAGE. Solubilized porcine ROS membrane proteins were subjected to sucrose density gradient centrifugation (0.1-1M). Fractions were collected from sucrose density gradient and analyzed by SDS-PAGE (9-15%). Inset: Section of BN PAGE (4-12%) of solubilized porcine ROS membrane proteins. Silver-stained SDS-PAGE bands were cut out and proteins were identified by mass spectrometry. Proteins co-migrating in the same fraction could belong to the same native protein complex. Figure 11 Analysis of ROS preparation purity. Porcine ROS and retina lysate (RL) (20µg each) were resolved by SDS-PAGE, immunoblotted and tested for the presence of specific endoplasmatic reticulum (BIP) and mitochondrial (Tom20) proteins, generally only found in inner segments (RIS).
